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EXHIBIT A 


1 • A burner assembly for combining oxygen and fuel to produce a flame, the burner 
assembly comprising 

a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening, 

bypass means for conducting oxygen outside of the flame chamber to the outlet opening 
of the flame chamber, 

an oxygen-supply housing including chamber means for receiving a supply of oxygen and 
a base wall adjacent to the burner block, the base wall being formed to include first aperture 
means for discharging oxygen from the chamber means into the flame chamber and second 
aperture means for discharging oxygen from the chamber means into the bypass means, said first 
and second aperture means metering the sunnlv ^ Yr -n Pass ina t^u^u ^ 

means for discharging fuel into the flame chamber formed in the burner block, the 
discharging means including a nozzle extending through the chamber means and the first aperture 
means formed in the base wall and supported by the base wnll to discharge fuel into the flame 
chamber. 

2. The burner assembly of claim 1, wherein the oxygen- 
supply housing includes a hollow shell appended to the base 
wall to define the chamber means therebetween, 
ui \ 1 ? c r bumer assembly of claim 1, wherein the burner 
block is formed to include at least one oxygen-admission 
port lying adjacent to the base wall and communicating with 
the second aperture means and the bypass means is coupled 
to the oxygen-admission port and arranged to pass through 
the burner block to conduct oxygen from the chamber means 
through the burner block to the outlet opening of the flame 
chamber. 

4. The burner assembly of claim 3, wherein the oxygen- 
supply housing further includes a frame located between the 
base wall and the burner block and coupled to the burner 
block and fastening means for connecting the base wall to 
the frame and the frame is formed to include at least one 
oxygen-conducting channel interconnecting the second 
aperture means and the bypass means in fluid communica- 
tion. 
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5. The burner assembly of claim 4, wherein the second 
aperture means includes a plurality of wall apertures formed 
in the base wall and the burner block is formed to include an 
oxygen-admission port communicating with each wall aper- 
ture through one of the oxygen-conducting channels. 

6. The burner assembly of claim 3, wherein the second 
aperture means includes a plurality of wall apertures formed 
in the base wall and the burner block is formed to include an 
oxygen-admission port communicating with each wall aDer- 
ture. ^ 

7. The burner assembly of claim 6, further comprising 
frame means for supporting the burner block, the base wall 
being mounted on the frame means, and the frame means 
being formed to include oxygen-conducting channels inter- 
connecting the wall apertures formed in the base wall and 
the oxygen-admission ports formed in the burner block. 

8. The burner assembly of claim 1, wherein the nozzle is 
one of a gas-fuel nozzle and an oil-fuel nozzle. 

9. Hie burner assembly of claim 1, wherein the chamber 
means formed in the oxygen-supply housing contains only 
the nozzle. 

10. The burner assembly of claim 1, wherein only the 
nozzle passes through the first aperture means formed in the 
base wall. 

11. The burner assembly of claim 1, wherein the base wall 
is rectangular, the first aperture means includes a first-stage 
aperture formed in a center portion of the rectangular base 
wall, and the second aperture means includes a second-stage 
aperture formed in each of four corner portions of the base 
wall and coupled to the bypass means. 

12. The burner assembly of claim 1, wherein the discharg- 
mg means further includes a removable collar engaging the 
nozzle and Ithreadedly engaging the oxygen-supply housing. 

13. The burner assembly of claim 12, wherein the oxygen- 
supply housing includes an annular Up defining a cylindrical 
nozzle aperture receiving the nozzle and the removable 
collar includes an annular side wall surrounding and encag- 
ing the annular lip. 66 
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14. The burner assembly of claim 1, wherein the first 
aperture ^means includes a first-stage aperture formed in the 
base wall, the second aperture means includes at least one 
second-stage aperture formed in the base wall and arranged 
to he in spaced-apait relation to the first-stage aperture, the 
bypass means includes at least one oxygen-conducWoas- 
sageway formed in the burner block and ^arranged ltore^?e 
°££ cn conducted through a corresponding secoi^sto 
aperture and the internal diameter of each second-atafe 
aperture formed m the base wall is less than the internal 
diameter of a corresponding oxygen-conducting passageway 
J * m bumer Wock to regulate flow of Sygen 

Slme? btodl Xygen " cond,,ctin 8 Passageways formed in the 

15. The burner assembly of claim 14, where the base wall 
isrectangular, the first-stage aperture is formed in a center 
portion of the rectangular base wall, and a second-stage 
aperture is formed in each of four corner portions of the 
rectangular base wall. 

16. Abum^assemblyforcomb^ 
assembly comprising 

a burner block formed ,o include a flame chamber having an inle. opening and an onto 
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opening 


bypass means for conducting oxygen outside of the flame chamber to the outlet opening 
of the flame chamber, 

means for discharging ftel into the flame chamber formed in .he burner block, fandj 
an oxygen-supplyhousing including chamber mM n, fbrreceivinga supply of oxyga.and 
a base wall adjacen. «o me burner Week, me base wafl being formed «o mclude firs, aperture 
means for discharging oxygen from the chamber means into the flame chamber and s^ond 

ap^meansfordlschargmgoxygenrromuKchamberme^m.omebypassm^ 

and second spertnrr m^ans mc^-in, ,hr „,nn.v ofWv.^ -,„„„„ „ „ 

-pp.yhousmgincludmg.hol.owshe.lappendedtomebasewa.ltodeim.^chamb^ 
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side wall appended to the base wall and formed to include an oxygen-admission po rt, and 
wherein the means for discharging fuel extends through the base wall . 

17. The burner assembly of claim 16, wherein the cham- 
ber means formed in the oxygen-supply housing contains 
only the nozzle. 

18. The burner assembly of claim 16, wherein only the 
nozzle passes through the first aperture means formed in the 
base wall. 

19. The burner assembly of claim 16, wherein the hollow 
shell includes a tip and four triangular side walls diverging 
from the tip toward the base wall. 

20. The burner assembly of claim 16, wherein the base 
wall is rectangular, the first aperture means includes a 
first-stage aperture formed in a center portion of the rect- 
angular base wall, and the second aperture means includes 
a second-stage aperture formed in each of four corner 
portions of the base wall and coupled to the bypass means. 

21. A burner assembly for combining oxygen and fuel to produce a flame, the burner 
assembly comprising 

a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening, 

bypass means for conducting oxygen outside of the flame chamber to the outlet opening 
of the flame chamber, means for discharging fuel into the flame chamber formed in the burner 
block, and 

an oxygen-supply housing including chamber means for receiving a supply of oxygen and 
a base wall adjacent to the burner block, the base wall being formed to include first aperture 
means for discharging oxygen from the chamber means into the flame chamber and second 
aperture means for discharging oxygen from the chamber means into the bypass means, said first 
and second aperture means metering the supply of oxygen passing therethrough the oxygen- 
supply housing including a hollow shell appended to the base wall to define the chamber means 
therebetween, wherein the hollow shell includes a tip and a side wall extending between the tip 
and the base wall, the tip is formed to include an aperture, and the discharging means includes a 
nozzle supported bv the base wall and extending through the aperture formed in the tip and the 
first aperture means formed in the base wall and terminating in the inlet opening of the flame 
chamber. 
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22. The burner of claim 21, wherein the nozzle includes 
a fuel-discharge head, a mounting fixture, and means for 
metering oxygen flow, and the tip of the hollow shell is 
formed to include means for supporting the mounting fixture 
to position the fuel-discharge head in the inlet opening and 
the metering means at an interface between the first aperture 
means and the inlet opening to regulate oxygen flowing into 
the inlet opening and mixing with fuel discharged by the 
fuel-discharge head. 

23. The burner assembly of claim 21, wherein the second 
aperture means includes a plurality of apertures formed in 
the base wall and each aperture is arranged to lie in radially 
spaced- apart relation to a portion of the nozzle extending 
through the first aperture means. 

24. The burner assembly of claim 21, wherein the oxygen- 
supply housing further includes modular fastening means for 
selectively connecting the base wall to the burner block so ( 

' that the oxygen-supply housing and the nozzle are joined i 
together to form a modular unit containing the first and 
second aperture means mat is removable from the burner 
block at the option of a user. 

25. The burner assembly of claim 21, wherein the cham- 
ber means formed in the oxygen-supply housing contains 
only the nozzle. 

26. The burner assembly of claim 25, wherein the frame 
is formed to include one oxygen-conducting channel for 
each of the apertures formed in the base wall and included 
in the second aperture means. 

27. The burner assembly of claim 21, wherein the base 
wall is rectangular, the first aperture means includes a 
first-stage aperture formed in a center portion of the rect- 
angular base wall, and the second aperture means includes 
a second-stage aperture formed in each of four corner 
portions of the base wall and coupled to the bypass means. 

28. The burner assembly of claim 21, wherein discharging 
means further includes a removable collar engaging the tip 
of the hollow shell and the nozzle to retain the nozzle in a 
fixed position in the chamber means. 

29-33 (CANCELLED) 

34. [The burner assembly of claim 29,] A burner assembly for combining oxygen and 
fuel to produce a flame, the burner assembly comprising 
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a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening 

bypass means for conducting oxygen outside of the flame chamber to the outlet opening 
of the flame chamber. 

means for discharging fuel into the flame chamber formed in the burner block. 

an oxvgen-supplv housing including a chamber means for receiving a supply of oxygen 
and a base wall adjacent to the burner block, the base wall being formed to include first aperture 
means for discharging oxygen from the chamber means into the flame chamber and second 
aperture means for discharging oxygen from the chamber means into the bypass means, said first 
and second aperture means metering the supply of oxygen passing therethrough, and with the 
oxvgen-supplv housing further including a hollow shell appended to the base wall to define the 
chamber means therebetween the modular fastening means for selectively connecting the base 
wall to the burner block to position the first aperture means in confronting relation to the inlet 
opening of the flame chamber so that the oxvgen-supplv housing can be disconnected from the 
burner block during rehabilitation of the burner assembly, the modular fastening means including 
a frame positioned to lie between the base wall and the burner block, means for coupling the 
frame to the burner block, the fasteners interconnecting the base wall and the frame, and 

wherein the burner block is formed to include a plurality of oxygen-conducting 
passageways defining the bypass means and an annular channel surrounding the inlet opening of 
the flame chamber and interconnecting each of the oxygen-conducting passageways, the frame 
includes means for covering the annular channel to define a circular oxygen-conducting 
passageway between the frame and the burner block and at least one oxygen-conducting channel 
interconnecting the second aperture means formed in the base wall and the circular oxygen- 
conducting passageway. 

35. The burner assembly of claim 34, wherein the oxygen* 
conducting passageways formed In the burner block have an 
arcuate shape and terminate in annular openings formed in 
the burner block and arranged to lie around the outlet 
opening of the flame chamber formed in the burner block. 

36. A burner assembly for combining oxygen and fuel to produce a flame, the burner 
assembly comprising 

a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening, 
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bypass means for conducting oxygen outside of the flame chamber to the outlet opening 
of the flame chamber, 

means for discharging fuel into the flame chamber formed in the burner block, 

an oxygen-supply housing including a chamber means for receiving a supply of oxygen 
and a base wall adjacent to the burner block, the base wall being formed to include first aperture 
means for discharging oxygen from the chamber means into the flame chamber and second 
aperture means for discharging oxygen from the chamber means into the bypass mean s, said first 
and second aperture means metering the supply of oxygen passing therethrough, the burner block 
being formed to include at least one oxygen-admission port lying adjacent to the base wall and 
communicating with the second aperture means and the bypass means being coupled to the 
oxygen- admission port and arranged to pass through the burner block to conduct oxygen from 
the chamber means through the burner block to the outlet opening of the flame chamber, the 
second aperture means including a plurality of wall apertures formed in the base wall, the burner 
block being formed to include an oxygen-admission port communicating with each wall aperture, 
and frame means for supporting the burner block, the base wall being mounted on the frame 
means, the burner block being formed to include an annular channel around the inlet opening of 
the flame chamber, the frame means including means for covering the annular channel to define 
an annular oxygen-conducting passageway therein and means for communicating oxygen 
discharged from the chamber means through the wall apertures to the annular oxygen-conducing 
passageway for delivery to the outlet opening of the flame chamber through the bypass means* 
and wherein the means for discharging fuel is supported by the base wall . 

37. A burner assembly for combining oxygen and fuel to produce a flame, the burner 
assembly comprising 

a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening, 

bypass means for conducting oxygen outside of the flame chamber to the outlet opening 
of the flame chamber, 

means for discharging fuel into the flame chamber formed in the burner block, and 

an oxygen-supply housing including chamber means for receiving a supply of oxygen and 
a base wall adjacent to the burner block, the base wall being formed to include first aperture 
means for discharging oxygen from the chamber means into the flame chamber and second 
aperture means for discharging oxygen from the chamber means into the bypass mean s, said first 
and second aperture means metering the supply of oxygen passing therethrough, the discharging 
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means including a fuel discharge nozzle and means for fixing the fuel discharge nozzle in the 
inlet opening, the fixing means being positioned to lie between the base wall and the burner 
block, the fixing means being formed to include third aperture means for conducting oxygen 
discharged through the first aperture means into the flame chamber, the third aperture means 
defining a first-stage oxygen port having a first effective cross-sectional area and communicating 
oxygen from the chamber means into the flame chamber, the second aperture means defining a 
second-stage oxygen port having a second effective cross-sectional area less than the first 
effective cross-sectional area and communicating oxygen from the chamber means to the outlet 
opening of the flame chamber through the bypass means. 

38. The burner assembly of claim 37, wherein the third 
aperture means includes a flange appended to the fuel 
discharge nozzle and formed to include the first-stage oxy- 
gen port and the second aperture means includes a plurality 
of apertures formed in the base wall collectively to define the 
second-stage oxygen port. 

39. The burner assembly of claim 38, wherein the flange 
is xuig-shaped and is formed to include a plurality of 
apertures lymg around the fuel-discharge nozzle and defm- 
mg the first-stage oxygen port and each of the apertures 

f^n m ,^f b ? C waU Ucs in "K^y spaced-apart relation 
to the fuel-discharge nozzle. 

40. A burner assembly for combining oxygen and fuel to 
produce a flame, the burner assembly comprising 

a burner block formed to include a flame chamber having 

an inlet opening and an outlet opening, 
a nozzle including means for discharging fuel into the 

flame chamber formed in the burner block, 
means for fixing the nozzle adjacent to the burner block 

to position the discharging means at the inlet opening 

of the flame chamber so that a primary combustion 

zone is established in the flame chamber between the 

inlet and outlet openings, 

means for supplying oxygen to the flame chamber through 
the inlet opening so that the oxygen supplied by the 
supplying means mixes with the fuel discharged by the 
nozzle in a first-stage region inside the flame chamber 
to produce a combustible mixture that can be ignited in 
the primary combustion zone to define a flame having 
a root portion in the flame chamber and a tip portion 
outside the flame chamber, 
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first-stage metering means for metering the flow rate of 
oxygen from the supplying means into the flame cham- 
ber through the inlet opening, the first-stage metering 
means being appended to the nozzle, 

bypass means for delivering oxygen from the supplying 
means into a downstream second-stage region contain- 
ing a portion of the flame and lying outside the flame 
chamber to. supplement oxygen supplied to the first- 
stage region inside the flame chamber by the supplying 
means, and 

second-stage metering means for metering the flow rate of 
oxygen from the supplying means into the bypass 
means so that the downstream second-stage region 
outside the flame chamber through the bypass means is 
fixed in proportion to the flow rate of oxygen passing 
through the first-stage metering means. ] 

41. The burner assembly of claim 40, wherein fixing i 
means includes a ring-shaped flange positioned to lie around 
the nozzle and formed to include at least one oxygen-flow 
aperture defining the first-stage metering means. 

42. The burner assembly of claim 41, wherein the sup- 
plying means includes an oxygen-supply housing including 
chamber means for receiving a supply of oxygen and a base 
wall adjacent to the burner block and the fixing means 
further includes a support fixture coupled to the base wall 
and the ring-shaped flange. 

43. The burner assembly of claim 42 wherein the support 
fixture includes a mounting flange fixed between the base 
wall and the burner block and a nose portion formed to 
include a central aperture and the ring-shaped flange is 
positioned to lie in the central aperture and is coupled to the 
nose portion to support the nozzle in the inlet opening of the 
flame chamber. 

44. The burner assembly of claim 40, wherein the sup- ' 
plying means includes an oxygen-supply housing including 
chamber means for receiving a supply of oxygen and a base 
wall adjacent to the burner block, the fixing means includes 

a support fixture having a mounting flange fixed between the 
base wall and die burner block and a nose portion, the nose 
portion being formed to include a central opening receiving 
the nozzle, and the first-stage metering means includes a 
partition positioned to lie between the nozzle and the nose 
portion and formed to include the at least one oxygen-flow 
aperture. 


10 


•plication No. 08/954, 


45. The burner assembly of claim 44, wherein the parti- 
tion is a ring-shaped flange surrounding the nozzle. 

46. The burner assembly of claim 44, wherein the parti- 
tion is positioned to lie in the central aperture of the nose ; 
portion. 

47. The burner assembly of claim 40, wherein the sup- 
plying meana includes an oxygen-supply housing including 
chamber means for receiving a supply of oxygen and a base 
wall adjacent to the burner block and the second-stage 
metering means includes at least one aperture formed in the 
base wall and arranged to interconnect to chamber means 
and the bypass means in fluid communication. 

48. The burner assembly of claim 47, wherein the oxygen- 
supply housing includes a hollow shell appended to the base 
wall to define the chamber means therebetween. 

49. The burner assembly of claim 48, wherein the base 
wall is formed to include first aperture means for discharging 
oxygen from the chamber means to the first-stage metering 
means, the hollow shell includes a tip and a side wall 
extending between the tip and the base wall, the tip is formed 
to include an aperture, the nozzle is mounted to extend 
through the aperture formed in the tip and the first aperture 
means formed in the base wall and to terminate in the outlet 
opening of the flame chamber, and the first-stage metering 
means includes a flow-metering ring appended to the nozzle 
and formed to include at least one oxygen-flow aperture. 

50. The burner assembly of claim 40, wherein the nozzle 
includes a fuel-discharge head and a mounting fixture, the 
first-stage metering means is appended to the fuel-discharge 
head, the supplying means includes an oxygen-supply hous- 
ing and the fixing means includes first support means for 
supporting the mounting fixture to position the fuel-dis- 
charge head in the inlet opening and second support means 
for supporting the first-stage metering means in a location 
between the oxygen-supply housing and the inlet opening. 

51. The burner assembly of claim 50, wherein the sup- 
plying means includes an oxygen-supply housing including 
a hollow shell formed to include an aperture receiving the 
mounting fixture of the nozzle and the first support means 
includes a collar engaging the hollow shell to retain the 
mounting fixture in the aperture. 
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52. The burner assembly of claim 50, wherein the second 
support means includes a mounting flange fixed between the 
base wall and the burner block and a nose portion formed to 
include a central aperture receiving the fuel-discharge head. 

53. The burner assembly of claim 50, wherein the first- 
stage metering means includes a ring positioned to lie 
around the fuel-discharge head and formed to include at least 
one oxygen-flow aperture, 

54-65 (CANCELLED) 
66-112 (CANCELLED) 

113. A burner assembly for combining oxygen and fuel to produce a flame, the burner 
assembly comprising 

a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening, 

an oxygen-supply housing defining an oxygen chamber configured to receive a supply of 
oxygen and a base wall positioned to lie adjacent to the burner block, the base wall being formed 
to include an aperture positioned to lie in alignment with the inlet opening and to pass oxygen 
from the oxygen chamber into the flame chamber. 

a fuel-discharge nozzle configured to discharge fuel, 

a removable collar engaging the oxygen-supply housing and the fuel-discharge nozzle, the 
collar being formed to support the fuel-discharge nozzle within the inlet opening of the burner 
block to discharge fuel into the flame chamber formed in the burner block, 

wherein the removable collar engages the fuel-discharge nozzle and threadedlv engages 
the oxygen-supply housing, and 

wherein the oxygen-supply housing includes an annular lip defining a cylindrical nozzle 
aperture receiving the nozzle and the removable collar includes an annular side wall surrounding 
and engaging the annular lip. 
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1 14. The burner assembly of claim 113, wherein the oxygen- supply housing includes a 
hollow shell that has a tip positioned to lie spaced apart from base wall and the removable collar 
engages the tip of the hollow shell and the fuel-discharge nozzle to retain the fuel-discharge 
nozzle in a fixed position within the hollow shell. 
115 (CANCELLED) 

1 16. The burner assembly of claim 113, wherein the fuel-discharge nozzle includes a 
mounting fixture that selectively engages the collar and the fuel-discharge nozzle is removable 
from the oxygen-supply housing when the removable collar is disengaged from the mounting 
fixture. 

117 . The burner assembly of claim 116, wherein the fuel-discharge nozzle includes an 
inlet body portion, a central body portion, and a burner tip portion positioned to lie within the 
inlet opening of the burner block when the removable collar engages the mounting fixture and the 
oxygen-supply housing is in an installed position. 

118. The burner assembly of claim 117, wherein the mounting fixture includes an outer 
end formed for engagement with the collar, an inner end facing the burner block, and a lip 
positioned to lie between the outer and inner ends and formed for engagement with the oxygen- 
supply housing when the collar is in the installed position. 

1 19 . The burner assembly of claim 116, wherein the mounting fixture includes an outer 
end formed for engagement with the collar, an inner end facing the burner block, and a lip 
positioned to lie between the outer and inner ends and formed for engagement with the oxygen- 
supply housing when the collar is in the installed position. 

120. The burner assembly of claim 116, wherein the inlet opening of the burner block 
is defined by a wall and the burner tip portion is positioned to lie spaced-apart from the wall of 
the burner block when the collar is in the installed position. 

121 . A burner assembly for combining oxygen and fuel to produce a flame, the burner 
assembly comprising 
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a burner block formed to include a flame chamber having an inlet opening and an outlet 
opening, 

an oxygen conductor conduit configured to conduct oxygen outside of the flame chamber 
to the outlet opening of the flame chamber, 

an oxygen-supply housing defining an oxygen chamber configured to receive a supply of 
oxygen and a base wall positioned to lie adjacent to the burner block, the base wall being formed 
to include a first-stage aperture in alignment with the inlet opening to pass oxygen from the 
oxygen chamber into the flame chamber and a second-stage aperture arranged to lie in spaced- 
apart relation to the first-stage aperture to pass oxygen from the oxygen chamber into the oxygen 
conductor conduit, 

a fuel-discharge nozzle extending the oxygen chamber and the first-stage aperture formed 
in the base wall to discharge fuel into the flame chamber, 

further comprising a removable collar engaging the fuel-discharge nozzle and threadedly 
engaging the oxygen-supply housing, and 

wherein the oxygen-supply housing includes an annular lip defining a cylindrical nozzle 
aperture receiving the fuel-discharge nozzle and the removable collar includes an annular side 
wall surrounding and engaging the annular lip. 

122. The burner assembly of claim 121, wherein first-stage aperture is formed in the 
base wall, the second-stage aperture is formed in the base wall and arranged to lie in spaced-apart 
relation to the first-stage aperture, the oxygen conductor conduit includes at least one oxygen- 
conducting passageway formed in the burner block and arranged to receive oxygen conducted 
through a corresponding second-stage aperture, and the internal diameter of each second-stage 
aperture formed in the base wall is less than the internal diameter of a corresponding oxygen- 
conducting passageway formed in the burner block to regulate flow of oxygen through the 
oxygen-conducting passageways formed in the burner block. 
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